Abstract-The design of an active three dimensional millimeter wave imaging system for personnel security screening using Compressed Sensing (CS) is presented in this work. The system is able to produce a high-resolution 3D reconstruction of the whole human body surface and reveal concealed objects under clothing. A CS technique is used to drastically reduce the number of sensors, thus simplifying the system design and fabrication and improving the reconstruction results over previous approaches. Representative simulation results showing good performance of the proposed system are provided.
I. INTRODUCTION
This work presents Compressed Sensing based algorithmic improvements to a previous millimeter-wave (mm-wave) based portal system design [1] , which generates three-dimensional (3D) high-resolution images of the whole human body with a reduced number of receivers.
II. SYSTEM CONFIGURATION AND USED TECHNIQUES
The configuration of the proposed system is shown in Fig.  1 . The body is illuminated by an incident mm-wave generated by a novel Blade Beam elliptical-parabolic reflector antenna [2] . This illumination allows thin slices (∼ 2-3 cm thickness) of the body to be processed independently. The electric field scattered by the section under illumination is captured by two arrays of mm-wave antenna elements placed on a 90 degree arc above and below the reflector. An SAR based imaging algorithm is used to recover the reflectivity values in the zaxis slice illuminated by the Blade Beam antenna.
One of the limitations of the proposed portal-based system is the number of receivers in the arcs. According to the minimum sampling rate criterion, for the proposed system (f = 60.6 -66 GHz, human body having a maximum cross-range size of ∼ 40 cm) to avoid SAR image aliasing, the minimum number of receivers on each arc is approximately 150.
Reducing the number of receivers without compromising the quality of the reconstructed image is the purpose of this research. To this end, a Compressed Sensing (CS) technique, which have been successfully applied in several SAR imaging problems [3] , [4] , is proposed in this paper. CS [5] is a relatively novel signal processing theory, which states that sparse signals can be recovered using far fewer samples or measurements than those required by the Nyquist sampling criterion if the signal accept an sparse representation on a known set of basis functions. The mm-wave imaging problem can be mathematically written as solving a linear system of equations of the following form y = Af , where y ∈ C M is the vector containing the measured field at the receiving antennas, f ∈ C N represents the induced current vector on the imaging vector, and A ∈ C M xN is the sensing matrix. From a basic signal processing perspective, the generation of a mm-wave image using a CS formulation can be obtained as the solution of the problem:
where Ψ is a functional used to find a sparse representation α of the mm-wave image (like a wavelet transform), · l , for l = 1, 2, is the norm l, and is the error of the reconstruction accounting for the noise of the measurement. In this contribution, CS-SAR inversion is implemented by means of the Nesterov algorithm [6] , provided as a Matlab toolbox.
III. CS HUMAN BODY 3D PROFILE RECONSTRUCTION
CS images are generated with just 25-30 % of the samples required by the Nyquist sampling criterion. As a test case, two metallic objects are placed on a human torso model, as shown in Fig. 2 The forward problem is simulated with Physical Optics (PO), assuming that skin is a good conductor. To create 3D images, 2D reconstructions are generated and then stacked to form a full body surface. Fig. 3 represents the 2D CS and SAR images for the case in which the Blade Beam antenna is illuminating the z = 0 m slice. Fig. 3(a) corresponds to the CS images retrieved from the combination of 40 randomly placed receivers in each arc. The SAR image using full arrays of 150 receivers per arc is plotted in Fig. 3(b) for comparison. The CS image uses fewer than 25% of the receivers and also produces a sharper body profile than the SAR reconstruction. The automatic profile extraction described in [1] is applied to CS images to create a 3D mesh. Automatic detection is also possible by smoothing the 3D mesh (which removes small added anomalies) and subtracting it from the former to obtain a difference mesh. Fig. 4 compares the retrieved difference mesh from stacked 2D SAR and CS images. In both cases, the metallic objects are clearly identified. 
